Abstract The purpose of this study is to identify and chart research literature on safety, efficacy, or effectiveness of exercise prescription following fracture in older adults. We conducted a systematic, research-user-informed, scoping review. The population of interest was adults aged ≥45 years with any fracture. "Exercise prescription" included postfracture therapeutic exercise, physical activity, or rehabilitation interventions. Eligible designs included knowledge synthesis studies, primary interventional studies, and observational studies. Trained reviewers independently evaluated citations for inclusion. A total of 9,415 citations were reviewed with 134 citations (119 unique studies) identified: 13 knowledge syntheses, 95 randomized or controlled clinical trials, and 11 "other" designs, representing 74 articles on lower extremity fractures, 34 on upper extremity, eight on vertebral, and three on mixed body region fractures. Exercise prescription characteristics were often missing or poorly described. Six general categories emerged describing exercise prescription characteristics: timing postfracture, person prescribing, program design, functional focus, exercise script parameters, and co-interventions. Upper extremity and ankle fracture studies focused on fracture healing or structural impairment outcomes, whereas hip fracture studies focused more on activity limitation outcomes. The variety of different outcome measures used made pooling or comparison of outcomes difficult. There was insufficient information to identify evidence-informed parameters for safe and effective exercise prescription for older adults following fracture. Key gaps in the literature include limited numbers of studies on exercise prescription following vertebral fracture, poor delineation of effectiveness of different strategies for early post-fracture mobilization following upper extremity fracture, and inconsistent details of exercise prescription characteristics after lower extremity fracture.
Introduction
Many functional benefits are associated with exercise and physical activity participation by older adults, including improved cognitive, cardiovascular, strength, and balance functioning, as well as reduced risk for falls and bone density loss [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, there is little information on the safety, efficacy, or effectiveness of exercise prescription in older adults after a fracture. Following any fracture, older adults comprise a high-risk population that is likely to either benefit from, or be at risk from, exercise prescription throughout their recovery.
Epidemiologic studies show that increased fracture risk in adults begins around the age of 45 years, particularly in women, progressing notably more with each decade of aging [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . About half of adult women and one third of adult men will sustain a fracture [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Lifetime risk after the age of 50 years for sustaining hip, distal radius, or proximal humerus fractures is 25% in men and 55% in women [18] . Vertebral fractures are the most common type of fracture in adults over 50 years old, with a prevalence of up to 25% in men and 35-50% among women [11, 13, 22] . As the proportion of older adults in the population increases, the number of fractures will also increase, placing a significant burden on direct healthcare usage, and other indirect socioeconomic costs worldwide [23] [24] [25] .
Fractures in older adults are often referred to as low trauma or fragility fractures because they tend to occur as the result of a fall from a standing height (or lower) or from a minimal trauma event that would not necessarily have resulted in a fracture in a younger person, or in the same individual at a younger age [26] . Fractures in older adults have also been referred to as osteoporotic fractures, as epidemiologic evidence has shown that low bone mineral density (BMD) is associated with an increased populationbased risk of fracture; a BMD z-score of −1 SD increases overall population-based fracture risk by as much as 1.7 times [10, [27] [28] [29] [30] . Advancing age is the strongest predictor of absolute fracture risk, with risk of "hip fracture" for people with low BMD increasing twofold for each decade increase in age after the age of 50 years [10] . Although fractures can and do occur in osteoporotic bone or in individuals with low BMD, as many as 50-85% of older adult fractures occur in people without osteoporosis [31] [32] [33] .
The potential physical, emotional, and social consequences of any fracture in an older adult are diverse and wide ranging. Many fractures are managed surgically, with older adults more vulnerable to complications arising from surgery and hospitalization [34] [35] [36] [37] [38] [39] . Poor underlying bone health or poor general health can also adversely influence the quality and rate of fracture healing [40, 41] . Additionally, pre-fracture cognitive impairment, functional dependency, and co-morbid conditions will negatively influence an older adult's ability to regain pre-fracture functioning [42] [43] [44] . Slow functional recovery and increased risk of progressive functional decline within the first year after fracture are most notable after hip fracture, with marked decline in physical, mental, and emotional functioning at 3 months post-fracture with slow functional improvement over the next few months. One year after hip fracture, 50-55% of people will have a residual walking disability, with many never returning to pre-fracture or age-matched control functional status [45] [46] [47] [48] [49] [50] . In addition, 15-30% of people living independently in the community prior to hip fracture will be living in institutional care 1 year after the hip fracture [27, 51] .
Any fracture in older adults leads to a twofold increase in subsequent fracture risk [27, [51] [52] [53] . Distal radius fractures are associated with a twofold increase in subsequent fracture risk, particularly in men; occurring on average in healthier, younger, and more active adults than other common fragility fractures [52] . Vertebral fractures are the most common fragility fracture in adults over 45 years, particularly in women and not uncommonly presenting following no known or a minimal traumatic event [11, 54] . Vertebral fractures are associated with a fourfold increase in subsequent vertebral and other non-vertebral fracture risk [11, 54] . Following any fracture after the age of 60 years, 40-60% of survivors will experience another fracture within 10 years, with the majority of subsequent fractures occurring within 1 year of the initial fracture [55, 56] . Current osteoporosis practice guidelines recommend that any adult 40 or older who sustains any fracture should be investigated and treated for low BMD, as well as educated about lifestyle and nutritional factors, including exercise and physical activity participation, as a way of potentially modifying their subsequent fracture risk [26, 57, 58] .
Fracture in older adults also markedly increases risk of subsequent death. For 5-10 years after any low-trauma fracture (hip, vertebrae, other major, and minor fractures) in adults over 60 years old, there is up to a threefold increase in absolute mortality risk, with a subsequent fracture associated with an additional 5 years of increased absolute mortality risk [59] . Mortality rates after hip fracture are 11-23% at 6 months and 22-29% at 1 year after fracture, with men at greater risk for increased mortality in the first year and both genders having an increased relative risk for mortality following hip fracture that is doubled for the age-matched control population over the first 5 years [60] [61] [62] [63] .
In the past decade, there has been increasing interest in research on exercise for older people recovering from fragility fracture; however, the extent of this literature remains unclear. This poses a challenge for determining whether or not there is sufficient evidence to develop practice recommendations, whether or not a systematic review is feasible to conduct and, if there is a gap in knowledge, where that gap exists. A scoping review is a relatively new and developing methodology for synthesizing existing literature [64] . As such, there are a number of definitions of and approaches to conducting a scoping review [64] [65] [66] . Scoping reviews systematically chart or map the literature available on a topic, identifying key concepts, theories, sources of evidence, and gaps in the research. Scoping reviews can also involve an integrated knowledge translation component, with ongoing iterative stakeholder and research-user collaborations that inform the review process [64] [65] [66] [67] . When there are a variety of sources and types of available evidence, scoping reviews can be used to describe key concepts within a specific research area, enabling identification of strengths and weaknesses within the literature, as well as emerging conceptual observations across a broad range of available evidence [67] .
The purpose of this synthesis project was to conduct a comprehensive, systematic, research-user-informed scoping review to identify and chart the breadth of literature related to the safety (potential risks), efficacy, or effectiveness of exercise prescription following any fracture in older adults and to identify areas for future systematic reviews [64] [65] [66] [67] [68] [69] .
Methods
This scoping review involved five steps: (1) defining a research question; (2) comprehensive and systematic identification of relevant studies across a broad range of potential evidence; (3) independent and objective screening and selection of studies for inclusion; (4) extraction and charting of the data according to key concepts identified; and (5) summarization of the findings for clinical relevance and future research [64] [65] [66] [67] . This review was also informed at each stage by iterative consultations seeking input from potential research-users including physical and occupational therapy clinicians, physical therapy decision-makers, osteoporosis consumers, and experts in the areas of osteoporosis and musculoskeletal knowledge syntheses research (Fig. 1 ). These consultations included national video-teleconference, teleconference, small group and one-to-one consultations (see "Acknowledgments" for a complete listing of the research team and collaborators in this study).
Research question
The scoping review research question was defined using the Population-Intervention-Comparison-Outcome-Study Design (PICOS) format. The initial elements of the PICOS question were defined through consensus of the core group of the research team (LF, CH, SH, DM, and LL) and subsequently reviewed by the research team and clinician collaborators to further refine the operational definitions, the primary health outcomes of interest, and the key search terms to ensure clinical relevance and comprehensiveness of the scope of the search for this review.
The population of interest was defined as adults aged 45 years or older (≥45 years) with any fracture within the previous year. The population of interest was extended to also include frail elders, fallers, and those with low BMD or osteoporosis, as these were populations of adults also likely to have identifiable subgroups that may have sustained a recent fracture.
The intervention of "exercise prescription" was broadly defined as physical activity, exercise or active rehabilitation prescribed by a physician, physical therapist or occupational therapist, or other allied health professional [70] . The concept of "exercise prescription" was broadly defined to fit with the concept of exercise prescription as defined by an ACSM position statement (1999) [71] as "the process whereby a person's recommended regimen of physical activity is designed in a systematic and individual manner." Physical activity was defined as bodily movement produced by contraction of skeletal muscles that leads to increased energy expenditure, whereas exercise was defined as planned, structured and repetitive movements focused on improving or maintaining physical fitness [2] . Using the framework of the International Classification of Functioning, Disability and Health (ICF) [72] , therapeutic exercise was defined as exercise prescribed by a medical (physician), rehabilitation (physical therapist or occupational therapist), or other allied health professional to address an individual's structural or functional impairments (e.g., in range of motion, flexibility, strength, balance), limitations in activity (e.g., activities of daily living, dexterity, walking speed/distance, walking up or down stairs), or restrictions in participation in life situations (e.g., work, sport, other life roles). Rehabilitation was also conceptualized broadly, similar to a definition provided by Wade (2005) as "an educational, problem-solving process that focuses on activity limitations and aims to optimize patient social participation and well-being, and so reduce stress on carer/family" [73] .
The comparison of interest was no therapeutic exercise and/or physical activity and/or active rehabilitation or different therapeutic exercise and/or physical activity and/ or active rehabilitation. The primary and secondary health outcome measures of interest were literature-based and broadly grouped a priori into four general categories related to the quality and rate of fracture healing, functional recovery, secondary risk reduction or cost/burden of care and are listed in Table 1 .
A broad range of study designs was defined. Eligible study designs included randomized controlled trials (RCT), quasi-randomized clinical trials, controlled clinical trials (CCT), prospective longitudinal cohort studies, retrospective case-control studies and other designs/primary studies if they represented a unique subgroup of older adults with fracture. In addition, we included all clinical practice guidelines (CPG), and systematic reviews (SR) on the topic.
Search strategy
Broad search strategies were developed to search the published and gray literature sources and were supplemented by alternative searching techniques to find studies on this topic. Initial searches were conducted in the following licensed databases from their inception to October 2008: MEDLINE, Pre-MEDLINE, EMBASE, CINAHL, and Evidence Based Medicine Reviews (CENTRAL, Cochrane Database of Systematic Reviews and DARE). These search strategies used text words and relevant indexing terms to capture the broader concepts associated with "exercise prescription", including "therapeutic exercise", "physical activity", and "active rehabilitation" interventions within the first year following any fracture. The closest match to the characteristics of our population of interest [middle-aged to aged populations (≥45 years old)] was used for all electronic search strategies. There was no language restriction and following the initial searches in October 2008, all licensed database electronic searches were re-run approximately every 3 months from the previous search date up to a final search cut off of July 3, 2009 (Table 2) .
Alternate electronic gray literature searches were conducted in a variety of sources to locate conference papers, theses and dissertations, clinical trials in progress, and practice guidelines not published commercially nor indexed in major bibliographic databases. In addition, the Physiotherapy Evidence Database (PEDro), the Occupational Therapy Systematic Evaluation of Evidence database (OTseeker), and the Canadian Physiotherapy Association Self-efficacy/fear/mood Cognition database were searched for specific rehabilitation "evidence-based-practice" literature ( Table 2 ). All alternate gray literature electronic searches were initially searched at the outset of this review and then re-searched or updated throughout the duration of the scoping review by one or more members of the research team (LF, CB, and SH) with a final search cut-off date of July 3, 2009. Supplemental alternate searching included contacting key authors and researchers in this area, as well as the primary contact person for all potentially related trials in progress. For all full text articles reviewed, other potentially relevant or related studies were identified in context, with review of the reference lists and with specific backward and forward citation tracking. As well, the online journal websites that published the included citations were hand searched for recent publications. This entailed a full review of the content of the previous two issues and any electronic publications ahead of press (if available), as well as a specific search of the full archives on the site for any other related publications or publications by the primary author(s).
Study selection
Titles and abstracts for all retrieved citations were screened for eligibility. If it was unclear or considered likely that the citation would meet the eligibility criteria, then the full citation was retrieved and reviewed for final screening for eligibility. Articles that passed the initial screening received a full review (Fig. 2) . At each level of citation screening, eight trained reviewers were paired to evaluate each citation and worked independently to apply inclusion/exclusion criteria in an un-blinded fashion using standardized and previously piloted forms.
Whenever possible, review pairings included a clinician/ content expert paired with an academic/methodology expert. Conflicts were resolved through consensus or by a third independent reviewer if consensus was not reached. In the event of a non-English citation, a third reviewer fluent in the language worked in tandem with the review team to translate and interpret the citation content. To manage the large citation retrieval and high degree of duplication and to maintain the accuracy and integrity of screening this large volume of citations, we used a web-based electronic data capture and data management provider (Trialstat Clinical Analytics™).
Data extraction and sorting
For studies meeting final inclusion criteria, additional data were extracted by one reviewer and checked by a second reviewer. Citation data extraction included language and year of publication, publication source (journal name or other location), study design and fracture location(s) within the body. Citations were also retroactively tracked (CB and LF) to define the search strategy retrieval route, presence or absence in one of three primary licensed databases (MED-LINE, EMBASE, and CINAHL) and whether or not the citation was actually retrieved using the electronic search strategies. All citations were then sorted for uniqueness (e.g., more than one citations per study).
For all RCT and CCT studies, details of the strategy or approach to exercise intervention as they were described in the citation, as well as details of what the primary outcome measure(s) were, were extracted. These data were then sorted and categorized through consensus of the core group of the research team (LF, SH, DM, and LL) into general categories of how the exercise prescription characteristics were described in the literature. These categorizations were then presented to the rest of the research team and our clinician collaborators to ensure clinical relevance and comprehensiveness in terms of adequately describing the breadth and scope of the characteristics of exercise interventions presented in the literature. For knowledge synthesis studies, the study objective, population(s) included, and key evidenceinformed "exercise prescription" practice and research recommendations were extracted.
Results

Citation retrieval
The search strategy retrieved more than 15,000 citations. Following removal of duplications, this was reduced to 9,205 potentially relevant citations. An additional 210 references were located via alternate search methods for a total of 9,415 citations retrieved. Following title and abstract screening, 9,132 citations were excluded with 283 proceeding to full text review. Ultimately, 134 relevant citations were identified representing 119 unique studies. See Fig. 2 for a flowchart on the literature retrieval, screening, selection, and reasons for exclusion.
The final 134 citations were published in 60 periodicals, with 30 published in three journals: 15 in Archives of Physical Medicine and Rehabilitation, nine in Journal of Bone and Joint Surgery (British Edition) and six in Osteoporosis International. The year of publication for the retrieved citations ranged from 1972 to final cut off for this search (July 3, 2009), with 98 published in or after the year 2000. One hundred twenty-four papers were published in English, with four Chinese, three German, two Danish, and one French language publication identified. See "Appendix" for a complete listing of the details (authors, title, journal, year and language of publication) for each of the 134 citations retrieved in this scoping review.
Analysis of the 134 included citations determined that 127 were indexed in one or more of three primary licensed • RCT (n = 50) [38] • CCT (n = 18) [17] • Long Cohort (n = 6) [6] • Other Designs (n = 3) [3] Upper Extremity (n = 36) [ ) of the final citations were identified through alternate search methods including the five that were not indexed in any of the licensed databases, 13 that were missed by the electronic search strategy and 11 that were initially retrieved via the electronic search strategies and then subsequently rejected through the initial title and abstract screening process. See "Appendix" for further details of method of retrieval (e.g., licensed electronic database or alternate search strategy) for each citation retrieved in this scoping review.
Data sorting and charting
Initial findings were presented to the whole research team at an investigator video-teleconference meeting and also more broadly to physical therapy teleconference seminar participants from 91 physical therapy clinical facilities across Canada, in which participants were also invited to complete an informal follow-up survey. Input from these collaborator and research-user meetings helped inform the final structure for describing and charting the relevant study characteristics and exercise prescription parameters identified in this scoping review, including: (1) describing the range (breadth) of fracture types and level-of-evidence (study designs) presented; (2) identifying characteristics of how different approaches or strategies for how exercise interventions following fracture in older adults were presented in any intervention studies; (3) examining the range (breadth) and focus of primary health outcomes reported in any intervention studies; and (4) summarizing the existing, evidence-informed, post-fracture "exerciseprescription" clinical and research recommendations from related knowledge syntheses.
Fracture and study design characteristics
Seventy-four of the 119 unique studies were lower extremity fracture studies, 63 of which were hip fracture studies, seven involved ankle fractures, and the remaining four were "other" or mixed lower extremity fracture studies. Of the 34 upper extremity studies, 24 were distal radius fracture studies, seven involved the proximal humerus and three were mixed upper extremity fractures. The remaining studies included eight vertebral fracture and three mixed body region fracture studies. Thirteen of the 119 unique studies were knowledge synthesis articles, 72 were RCTs, 23 were CCTs, and 11 were "other" study designs (Fig. 2) . See "Appendix" for further details of fracture region(s) and study design for each citation included in this scoping review.
Exercise prescription characteristics
Frequently, the specific details of the approach or strategies for exercise prescription within a given RCT or CCT study (n=95) were not described. Instead, it was common to have statements such as participants were seen or treated by a physical or occupational therapist, or participants were referred to therapy or were treated by a multidisciplinary team; frequently very limited details were available as to what the specific exercise, physical activity or active rehabilitation intervention or exercise prescription entailed. From the details of the exercise interventions that were provided, six general categories were identified for how the exercise intervention characteristics after fracture in older adults were described in the literature. These included: (1) timing (e.g., number of weeks post-fracture) of the exercise intervention after the fracture; (2) expertise or training of the person(s) prescribing the exercise; (3) exercise program structure, such us method of instruction, degree of supervision, program design (e.g., individualized or standardized) and exercise setting or location; (4) level of functional focus for the exercise program, such as addressing an individual's structural or functional impairments (e.g., range of motion, flexibility, strength, balance), limitations in activity (e.g., activities of daily living, dexterity, walking speed/distance, walking up or down stairs), or restrictions in participation in life situations (e.g., work, sport, other life roles); (5) specific parameters of the exercise prescription script, such as dosage, (frequency/ intensity), progression and adherence; and (6) other, nonexercise co-interventions, including other rehabilitation interventions such as use of electro-physical agents or manual therapy or other non-rehabilitation interventions such as diet, medication, counseling or other social support (Table 3) .
These six general categories were not mutually exclusive, in that any one of the studies may have described one or more aspects of these general characteristics for the exercise intervention utilized in the study. Unfortunately, only "timing of exercise prescription post-fracture" was reported across all intervention studies (n=95), although the exact timing for the exercise intervention was not consistently reported. Mapping of the distribution of the approximate timing of post-fracture exercise by fracture body region and study design is illustrated in Fig. 3 .
Primary health outcome characteristics
Exercise prescription in older adults after fracture has the potential to influence recovery across a broad range of health outcomes. The extracted health outcomes were sorted within four previously defined, general categories or domains, including the effect of exercise prescription on: (1) the quality and rate of fracture healing or postfracture bone health; (2) the quality and rate of physical, cognitive/emotional and social functional recovery; (3) secondary fracture and post-fracture mortality rates; and (4) indirect or direct healthcare and socioeconomic costs or burden (Table 1) .
From the 95 RCT or CCT studies, the primary outcome measure was a fracture healing or bone health outcome in 13 (13.7%) studies, a functional (structural impairment or activity limitation) outcome in 69 (72.6%) studies, a prevention health outcome in four (4.2%) studies and a cost or burden health outcome in nine (9.5%) studies. Notably, no study defined a primary health outcome focused on a person's capacity to participate in their usual life roles (e.g., spouse, worker, grandparent, or caregiver) within their normal living environments following a fracture [72] . Figure 4 depicts the trends for health outcome domain [healing/bone health, ICF functioning (impairment, activity, and participation), prevention, or cost/burden] for the primary outcome measures reported in each body region (lower extremity, upper extremity, vertebral, and mixed).
Knowledge syntheses summary
There were 13 secondary/knowledge synthesis (CPG or SR) studies identified related to the examination of some aspect of exercise prescription (therapeutic exercise, physical activity, active rehabilitation) in an older adult fracture population [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] . Table 4 [87] [88] [89] [90] provides a summary of the purpose, population(s) included, and the key "exercise prescription"-related practice and/or research findings or recommendations One study had a mixed fracture focus, including any fracture in older adults [74] , whereas, the remaining 12 studies specifically focused on one type of fracture, including eight hip fracture [75] [76] [77] [78] [79] [80] [81] [82] , two ankle fracture [83, 84] , one proximal humerus fracture [85] , and one distal radius fracture study [86] . There was no knowledge synthesis study found for vertebral fracture populations.
Six of the nine hip fracture-related syntheses examined the effectiveness of multidisciplinary, coordinated care in acute healthcare settings compared to standard or orthopedic care programs [74] [75] [76] [77] [78] [79] 82] . Four of the nine hip-related studies [76, 78, 80, 81] examined the effectiveness of different elements or approaches to mobilization or exercise or physical therapy interventions following hip fracture. Although there were trends across all these studies toward more favorable outcomes after specialized, multidisciplinary care programs and more favorable ambulatory and functional outcomes following early New citation: Bachmann et al. [90] OT occupational therapy. PT physical therapy mobilization with weight bearing/ambulation, aerobic, balance, and strengthening exercises, there was still insufficient or conflicting evidence from randomized trials to be able to recommend any one mobilization strategy or exercise intervention over another after hip fracture. Key areas for further research related to exercise prescription following hip fracture included identifying which exercise interventions and/or components of a care program are likely to have long-term, cost-effective and beneficial impacts on functioning and health-related quality of life. The two ankle fracture synthesis articles examined the effectiveness of early mobilization and/or other early rehabilitation interventions, with a primary focus on ankle fractures treated surgically [83, 84] . The upper extremity syntheses examined the effectiveness of early mobilization strategies following proximal humerus fracture [85] and rehabilitation interventions following immobilization of distal radius fractures [86] . Although none of these syntheses specifically included studies solely of older adult populations, a number of the included studies across all the syntheses did include adults with a mean age over 45 years. Although there were trends across these studies for faster recovery in mobility, functioning and pain reduction (without risk of increased complications) when using early post-surgical motion and/or weight bearing following ankle fractures and early motion and/ or functional use following non-displaced proximal humerus fractures, there was still insufficient or conflicting evidence from randomized trials to be able to recommend any one early mobilization or exercise intervention over another. Recommendations for future research included the need for high quality research studies examining the long-term functional outcomes and cost-effectiveness of early mobilization strategies for both surgically treated and conservatively managed ankle, proximal humerus, and distal radius fractures.
Discussion
Given the significant personal, functional, and socioeconomic impacts associated with hip fractures worldwide [23] [24] [25] , it was not surprising that the majority of the secondary knowledge syntheses (approximately 60%) and primary interventional studies (approximately 50%) identified in this scoping review focused on exercise prescription following hip fracture. Despite the large number of hip fracture studies, there were no definitive, evidence-informed practice recommendations identified for the best or most effective approaches or strategies for exercise prescription following hip fracture in older adults. Similarly, there were no definitive, evidenceinformed practice recommendations identified for any other type of fracture in older adults.
In general, the literature provided inadequate descriptions of the specific parameters or characteristics of exercise prescription following fracture. Exercise is a complex intervention and a major challenge to exercise prescription is the identification of the optimal exercise program elements or strategies that contribute to favorable treatment outcomes. Equally important is the identification of exercise program elements or strategies that do not contribute to more favorable outcomes or are not cost-effective. The different approaches or strategies for how "exercise prescription" was presented in the literature were sorted into six general categories that could potentially influence the safety, efficacy or effectiveness of a post-fracture exercise intervention. However, only one of these general characteristics of how exercise prescription was described in the literature, the timing of the exercise intervention post-fracture, was able to be charted across all studies.
The majority (55%) of studies focused primarily on mobilization introduced within the first 3-4 weeks following fracture, which is consistent with our understanding of the adverse functional (structural impairment and activity limitation) consequences associated with limb immobilization [91] . The primary clinical concern with early post-fracture mobilization is the possibility of disrupting the quality and rate of fracture healing, potentially causing delayed union, non-union or malunion. However, the basic science literature shows that limited or controlled micro-motion or physiologic loads introduced within the first few days after fracture improves both quality and rate of fracture healing [92] . This finding is consistent with trends identified in this scoping review suggesting that early mobilization, weight bearing and/or functional use introduced in the first few days following a fracture are not necessarily associated with higher rates of healing complications in surgically treated hip and ankle fractures and in conservatively managed proximal humerus fractures in older adults. In fact, the clinical research literature suggests that early interventions create the potential for faster recovery of personal functioning.
Few studies examined exercise or physical activity participation introduced later than three months after fracture, a surprising finding given the diverse range of functional and general health benefits from exercise and physical activity participation in older adults [1, 2, 93] . After any fracture, older adults are at particular risk of progressive functional decline, secondary injurious falls and fracture, and mortality [27, . In this high-risk population of adults following a fracture, it would be relevant to examine the safety, efficacy, and effectiveness of exercise or physical activity participation in preventing further falls and/or improving bone health after fracture and also as a potential strategy for mitigating or slowing down the rate of functional decline following fracture [26, 94, 95] .
Very few (approximately 10%) of the RCT and CCT studies included in this systematic review examined health-care-related costs as an outcome. Notably, none examined direct health-service or care-related costs in terms of an actual monetary value; rather, all reported surrogate indicators of health-service or care-costs, such as, differences in length of hospital stay, number of hospital re-admissions, number of care-visits, or number requiring institutional care. Additionally, only one of the knowledge synthesis articles [74] reviewed specifically examined evidence for the cost-effectiveness of programs of care following fracture in older adults, concluding that there is no evidence for cost-effectiveness for any inpatient program of care following hip fracture. Because health-economic and other socio-economic factors would be crucial considerations for the adoption of new care strategies following fracture in older adults, this notable lack of studies examining the cost-effectiveness of exercise prescription following fracture is a significant limitation in the existing literature. In contrast, two recent systematic reviews [94, 96] and one recent mathematical epidemiologic model based on a critical literature review [97] have examined cost-effectiveness of falls prevention programs in at-risk older adults, including evaluations of exercise interventions focused on fall prevention. Recommendations from these studies suggest that the most costeffective, exercise-related strategies for fall reduction in older adult populations are single exercise intervention strategies rather than multi-factorial intervention strategies. However, it is not possible to conclude that these same findings in terms of cost-effective exercise strategies for fall reduction would apply to older adults with already existing fractures, as the studies included in these reviews did not specifically incorporate samples of, and/or evaluate subgroups of, older adults who had already sustained fractures.
Interestingly, 95% of the final citations were indexed in one or more of three primary licensed databases: MEDLINE, EMBASE, or CINAHL, consistent with the finding that orthopedic topics are generally well indexed or covered in primary licensed databases [98] . Despite being indexed in these databases, approximately 20% of the final citations in this scoping review were either missed in the search or excluded during the title and abstract screening; another 20% were not indexed at all in MEDLINE. These findings emphasize the importance of searching multiple licensed databases and conducting comprehensive and systematic alternate search strategies in order to define the true scope or breadth of allied health related research. Some issues with indexing of allied health literature that may have accounted for missed citations include: date and journal coverage of allied health literature indexed in the primary databases; availability of, or properly applied, allied health subject terms; and the speed with which rehabilitation literature is indexed [99, 100] . Additionally, lack of "exercise prescription" keywords in the titles and abstracts, as well as the appropriate application of subject words by indexers, may have contributed to exclusion by reviewers at the title/abstract screening level.
The search strategy used in this scoping review closely matched that of more focused systematic reviews and provides a structured process with transparent methodology for charting the breadth of the literature in a given area [64] [65] [66] [67] [68] [69] . As with more focused systematic reviews, the process for conducting a comprehensive scoping review is complex and time consuming, involving a significant commitment by a number of people on the research team [64] [65] [66] [67] . Identifying and defining the full scope or breadth of the literature in allied health requires comprehensive, systematic and updated electronic searches in multiple licensed databases, supplemented by comprehensive and systematic alternate search strategies [101] . The primary difference between a more focused systematic review and a scoping review is the much larger volume of citation retrieval and review involved in the scoping review, with the administration, management and tracking of the process of screening the large number of citations facilitated by use of a web-based electronic data capture and data management system.
Limitations
The primary limitation of scoping reviews is that they do not involve quality assessment of the included studies. This limitation presents a potential for bias in which recommendations or syntheses of the literature arising from a scoping review may be based on variable levels of evidence and/or quality of citations used in the synthesis [64] [65] [66] [67] 102] . As such, scoping reviews are generally not regarded as a final or definitive literature synthesis from which practice guidelines or policy decisions can be based. Rather, scoping reviews are conducted primarily for the purpose of identifying and mapping the breadth, rather than the quality, of current literature in an area of research with broad-reaching clinical relevance and/or diverse research directions [64] [65] [66] 102] . The strength of the present scoping review is that it was conducted with the same rigorous and transparent methodology used in more focused systematic literature reviews, with the added knowledge translation component of ongoing, iterative, research-user collaborations [64, 68, 69] .
As with all knowledge syntheses, there are always new publications that will be subsequently identified. The final cut off for this review was July 3, 2009 and these are the data and summaries included in this study. The 12-month lag between the final literature search and manuscript submission means that potentially important literature that may inform the scope of this field further may have been missed. However, there are three ongoing systematic reviews in progress that have arisen from this scoping review which are continuing to conduct searches and any new RCT or CCT studies published since July 3, 2009 will be included in these systematic reviews (see "Future research directions").
Another issue for this and similar reviews is the limited number of non-English publications captured. This may reflect the few, non-English, allied health and orthopedic journals that are indexed in the licensed databases searched in this review [103] and may relate also to the lack of universality of access to all potentially available databases [99] . For this scoping review, databases for complementary and alternative medicine, such as AMED (Allied and Complementary Medicine Database), and databases of non-English publications, such as PASCAL (a multilingual, multidisciplinary, bibliographic database in Science, Technology and Medicine) or Latin American and Caribbean Health Sciences Literature (LILACS), were not used. A further consideration is the potential bias introduced in the search strategy when using English key words for concepts related to therapeutic exercise, physical activity, and rehabilitation interventions in the electronic search strategies, which may not necessarily translate directly into other languages.
Conclusion
Despite the extensive body of literature and the significant number of studies indentified in this scoping review on exercise prescription after fragility fractures in older adults, there is no clear, consistent evidence to enable development of evidence-informed practice recommendations related to the safety, efficacy, or effectiveness for any given approach or strategy for exercise prescription.
There are, however, consistent trends in the literature suggesting: In addition, in a follow-up review of the two updated and one new knowledge synthesis studies published after July 3, 2009 (see Table 4 footer note) we determined that there were no new RCT or CCT studies included in any of the these studies that were not already identified in our scoping review. As such, there were no new or substantive changes to the recommendations regarding the potential efficacy or effectiveness of exercise prescription following fracture in older adults that would warrant a re-synthesis of the data presented in this scoping review. extremity fractures treated either conservatively or surgically. & Inconsistent or incomplete details of specific exercise prescription characteristics in the lower extremity fracture literature.
Future research directions
Three key areas for focused knowledge synthesis were identified and are currently underway by the OSTEO-FX team (see "Acknowledgments" for details of the OSTEO-FX team). 
